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論 文 要 旨 
In this thesis, we investigate the two-proton emission in proton-rich nuclei. The aim of this study 
is to discuss the relation between the observables in the emission and the diproton correlation, 
which is a characteristic phenomenon due to the nuclear pairing correlation. 
The pairing correlation between two nucleons plays an essential role in nuclear structure. 
Especially, two nucleons near the Fermi surface in nuclei have been predicted to make the 
“diproton” and “dineutron” correlations. These correlations mean the spatial localization of two 
nucleons, associated with the dominance of the spin-singlet configuration. This is a characteristic 
prediction of the modern theory of nuclear structures, and to investigate this property is expected 
to enhance the predictive powers of that theory. Especially, the dineutron correlation has been 
actively studied recently with a strong connection to the exotic features of neutron-rich nuclei. 
These nuclei far from the beta-stability line have attracted novel interests in nuclear physics and 
their basic information have been extensively investigated for the past few decades. 
On the other hand, the diproton correlation in proton-rich nuclei has been less studied. Given the 
situation, in the former half of this thesis, we discuss the universality of the diproton and 
dineutron correlations, with a theoretical study of the 17Ne, 18Ne and 18O nuclei. Our study is 
based on a three-body model, which provides a semi-microscopic description for the two nucleons 
inside nuclei. We show that a diproton correlation exists in the ground state of 17Ne, 18Ne, 
similarly to a dineutron correlation in 18O. It is also shown that the Coulomb repulsive force 
between the two protons does not affect significantly this correlation. Consequently, the nuclear 
pairing interaction plays an important role to occur the dinucleon correlations inside nuclei. 
In the latter half of this thesis, we focus on the relation between the diproton correlation and the 
two-proton emission. Even with theoretical predictions, for the dinucleon correlations, there have 
been no direct experimental evidences, because of a difficulty to access the intrinsic structures of 
nuclei. Recently, on the other hand, “two-proton emission” has been focused as a direct probe into 
the diproton correlation: through this process, a pair of protons is emitted directly from the parent 
nuclei. The emitted two protons are expected to carry information about the nuclear pairing 
                                                                           
 
correlation, possibly including the diproton correlation. In order to extract information on the 
diproton correlation, one has to treat both the quantum meta-stability and the many-body 
properties in an unified framework. For this purpose, we develop a time-dependent three-body 
model. By applying this model to the 6Be nucleus, which is the lightest two-proton emitter, we 
investigate several novel properties about the role of pairing correlations in the meta-stable state. 
We find that, by considering the diproton correlation in the initial state of the two protons, (i) the 
experimental decay width of 6Be is well reproduced, and (ii) the two protons are expected to be 
emitted mainly as a diproton-like cluster with the spin-singlet configuration, in the early stage of 
the emission. These results strongly suggest the dependence of the two-proton emission on the 
diproton correlation. Namely, the two-proton emission can be an efficient tool to access the diproton 
correlation. 
Despite these important theoretical findings, in order to extract the information on the diproton 
correlation from the experimental data, there still remain several points to be improved. The most 
important one is to take the final-state interactions into account sufficiently. For the twoproton 
emission from the 6Be nucleus, our result for the early stage of the emission predicts a dominant 
diproton-like configuration. On the other hand, there is only little signal of such a configuration in 
the experimental data of the energy-angular correlation pattern, which correspond to the late 
stage of the emission. This discrepancy is due to a strong disruption of the diproton correlation in 
the late stage, caused by the final-state interactions among all the particles. In order to establish 
the agreement between the calculated result and the experimental data, we need to expand our 
model-space so that a longer time-evolution can be carried out. After this improvement, we will be 
able to discuss in detail the relation between the diproton correlation and the two-proton emission. 
As a summary of this thesis, the first step to investigate the diproton correlation by means of the 
two-proton emission has been established. The time-dependent method based on the three-body 
model has provided an intuitive way to describe the quantum dynamics with a great advantage to 
understand the role of pairing correlations. We expect that the improved time-dependent method 
will be a powerful tool for two-proton emissions, and also for other quantum meta-stable processes. 
After further investigations, the obtained knowledge of the pairing correlations and the meta-
stable processes will be an important result not only for nuclear physics but also for atomic, 
molecular, condensed matter and quantum informative physics. 
                                                                           
 
 
論文審査の結果の要旨 
 
 安定線を大きく離れた原子核の物理において、最も重要な課題の一つは、低密度領域における核子間相関
を明らかにすることである。中でも、中性子過剰核において dineutron 相関とよばれる空間的な相関が最
近大きな注目を集めている。これは、真空中では束縛しない 2 つの中性子が、原子核内では強い対相関相互
作用のために準束縛状態のように振る舞い、空間的に近接した場所に局在化するというものである。しかし
ながら、この dineutron 相関を実験的にどのようにプローブするかということは単純な問題ではなく、ハ
ロー核の電磁遷移強度の測定を通じて dineutron 相関の兆候は見られたものの、決定的な実験的なシグナ
ルはまだ得られていない。 
 そのような状況の中で、陽子ドリップ線を越えた原子核の 2 陽子放出崩壊が注目されている。電磁遷移の
実験が原子核の励起を伴うのに対し、2 陽子放出崩壊は 2 つの陽子が基底状態から自発的に放出されるもの
であり、2 陽子の運動から基底状態の情報を引き出すことができることが期待される。本研究ではまず、量
子 3 体模型を解き、陽子過剰核においても dineutron 相関と同様な空間的相関 (diproton 相関)が 2 つの
陽子間に存在することを示した。これは、2 陽子放出崩壊の研究を通じて、中性子過剰核における 
dineutron 相関の知見も得られるということを意味する。 
 本研究では、次に、同様の量子 3 体模型を動的に解くことにより、2 陽子放出崩壊の解析を行った。この
問題に対する先行研究では、エネルギーを複素数にすることによって 3 体模型の準静的な解を求め、2 陽子
放出崩壊の実験量を記述するアプローチがほとんどであった。そのようなアプローチは崩壊幅を精度よく求
められる利点はあるが、崩壊のダイナミックの理解にはあまり向いていない。そこで、本研究では初期にポ
テンシャル障壁の内側に閉じ込められた波束の時間発展という形で 3 体模型を解き、視覚的に崩壊のダイナ
ミックスを理解することを行った。6Be 核に対しこのアプローチを適用し崩壊幅の実験値の再現に成功す
るとともに、次の知見を得た。1) 崩壊の初期に主に diproton の形として 2 陽子が放出され、その後クー
ロン反発力により離れていく、2) 放出される 2 つの陽子は主にスピン・シングレットを組む、3) diproton 
相関は崩壊幅を増やす方向に働く。実験データとの比較を行うには、終状態相互作用をきちんと取り入れて
更に長時間発展の計算を行わなければならないが、本研究は 2 陽子放出崩壊における diporoton 相関の果
たす役割をはじめて明らかにしたものであり、今後この分野の研究に大きく寄与するものである。 
審査論文は著者が自立して研究活動を行うに必要な高度の研究能力と学識を有することを示している。従
って、大石知広提出の博士論文は、博士（理学）の学位論文として合格と認める。 
 
